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Improvements in or relating to Testing Combustible fluids. 



I, IViLLf.of Hjei-moue, of Royal Air- 
craft Jbstaijlisiiiiieiit, Soiitli i'arnborougli, 
Hiuiip^iiire, Biitiiii. ;Si;bjeci:. do lisreby 
^iecuire xii^ nature of this iuveiitiuu 
5 to be a:3 foilovri : — 

TJiis inveuriou relates to tesciag* com- 
m buirible fluids aud mure purticuiariy to 

m a method or and means tor ascertaining 

CO tile spontaneous or self-ig-nition tempera- 

10 tiire of combustible liquids in heared air, 
and the delay time existing- at various 
^ tempera tnre.'s becu'een tlie iirst contact of 

^> the liquid with the heated air and its 

^ subsequent ignituui or explo.sion. 

^ 15 Tira invcarion has for its chief object 
yd to deteruiine the characteristic igpnition 

r~ delay period of fuel oils injected into air 

nri at various temperatures, from the tern- 

8perature ut which almost instantaneous 
20 ignition occurs, down to the lowest tem- 
peratiire at which the fuel will ignite 
^£ ' after long- delay, for the purpose of 

. gradimr fuels or estimating their relative 

suitability for compre5si«m ig-nition 
25 eng-ine use. The method or apparatus 
may, however, be applied for testing 
other combustible liquids. 

The invention provides a direct basis of 
comparison, under similar conditions, 
30 between various fuels, and shows the 
order of merit havini*- regard to ease of 
starring and ignition delay on injection. 

Tlie iriveurion has for a fairther object 
to avoid bringing the liquid to be tested 
35 into coutact with heated surfaces, as has 
hitherto been proposed for determining 
the lowest spontaneous ignition temx^era- 
ture of fuels as in making the desired 
determinations according to the present 
4C invention, such surfaces may so effect the 
nrr)ce>;s of comb u.-t ion as to render the 
observations valueless. 

According to the present invention the 
fuel or other combusfible liquid (herein- 
45 -i f ter generally referred to as fnel^ is 
injected in a finelv divideil state into air 
nt a predetermine<l temp<-*rattire and pres- 
sure contained in an explosion vessel, flie 
injei-riou beincr effected in such :i manner 
50 th;U the lifjuid rrui ia-n ite in the nir witli- 
out making cf^nfnct bef<)re iirnitioii T\'ith 
any surfaces at a temperature hi?j*her 
than or equal to that of the air. The 
{.Price 1/.] 



moment of injeccion ot tiie fuel is 
recorded and the time lag existing* 
ber.veeu the moment oi InjeMiLn and the 
ru:;seqaeuc ignition or expiosiou l6 also 
recorded. 

The vessel may be heated electrically 
by means of a resistance wire applied to gQ 
the sides of the vessel, which are lagged 
or covered, wliiie the bottom end is°not 
lagged. 

The fuel is injected under the standard 
or^ predetermined pressure through a ^ 
valve or vessel into the air at atmospheric 
pressure in the vessel in such a manner 
that, should it .not immediately ignite 
before passing through the air, its direc- 
tion of motion causes it to make contact 
tirsc with a surface which is at a lower 
temperature than the air in the vessel. 
The fuel may be injected into an uprigit 
cylindrical vessel at the top end and 
directed towards the bottom* end, which .-e 
is^at a lower temperature than the sides, 
which are at approximatelv the same 
temperature as the air. To prevent the 
fuel from coming into contact with the 
sides of the vessel, tlie injection valve or qq 
vessel 15 so designed as to give a spray 
having a cone angle less than the coue 
angle subtended by the perimeter of the- 
bottom end of the vessel with the point 
of entry of the fuel into the vessel. The 0= 
means for injecting the fuel into the 
vessel under pressure mav consist of an 
injection pump, which is operated sud- 
denly by a falling weight or other con- 
stant force. 

The means for indirntinir the tempera- 
ture of the air may consist of a thermo- 
couple or tlie like, .vhich is located in a 
• h^-rinonierer tube m the ton end of the 
vesst^l. 

The means for indicatiuff the moment 
•^i: uija-tinn of t!)e fuel mav consist of 
a lou- tension elertric ,-ir'^iiir. Avhidi is 
nuroinanralU- bmk-^n or rendered inoppra- 
nve by the opening of rhe fuel infection 
valv.^. which is lo<'nted in a jet vnMcet in 
I hr-^^.-P.tr(> of the top end of the vessel 
Tlie means for ifidioafino. thf* ri-ue h^^y^ 
^Kisting between the moment of injecrfon 
rhn stthspquent iirnition or explosioa 
'-t t:ie tui4 may consist of a low tension- ^^''^ 
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ciicuit. wliirli is aiitoinaticaily broken 
or rendered inoptrative by the rise of 
pressure in the ves.-^el due to explosion of 
The fuel. 

5 A separate record of the breaking of 
eaf.'h low tension electric circuit may be 
obtained by sparks from a sparkinjr point 
in a high tension circuit. The sparks 
pass to earth, normally tJiiough metal 
10 plates set in a trouo-h of insulating- 
material, T.liich supports a motor driTen 
paper tape or strip, and thus perforate 
tlie latter. 

Tlie low tension oircuii- are interrupted 
15 at hi.£-li frequency by Ir-i^inbler? or other 
suitable means in series ^ith the respec- 
tive circuit breaking- means abovemen- 
tioned. One train of sparks representing 
the time of injection makes a straight 
2C li^i- record along the tape owing to the 
respecliTe sparking point being fixed or 
stationary. The other train of sparks 
repre.Si?nt ing the ignition dela^- makes a 
wavj- line record along th.e tape, owing 
25 to \lie respective sparking point being, 
maintained in vibration at a predeter- 
mined frequency, by means of a reed and 
an electro magnet in a low tension cir- 
cuit. By n ojjng the number of oscilla- 
tions in the ignition timing wavj- record 
which occur bej^'ond the injection timing 
straight record, after the circuits have 
been broken as abovemeutioned, an 
accurate measurement of the ignition 
«c delay is obtained. 

The vessel is open to the atmosphere 
through an air inlet port at the top end, 
and a vacuum pump or the like is pro- 
vided connected to an outlet port at the 
lower end for .drawing in a charge of air 
• before each test, and for withdrawing 
tlie products of combustion after each 
test, and draining off any iinoxidised 
fuel. The • air inlet may be arranged 
tangentially or so as to obtain a scaveng- 
ing or circulating action and contact with 
the thermometric device. 

In carrying out a test, the temperatiire 
of the vessel having been raised by the 
„ electric heating means to the highest 
point which it is desired to investigate 
(say about 600° C-) the heat is cut off 
and sufficient time is allowed for tempera- 
ture conditions to become suitable. A 
cliarge of cold air is drawn into the 
vessel and the vessel is left open to the 
atmosphere through the air inlet. Suffi- 
cient time is allowed to elapse for the 
temperature of the air cliarge as read on 
the thermometric device to reach a masi- 
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mum 



and then commence to fall. The 



tape motor and sparking circuits are then 
switched on and the air temperature in 
the vessel noted. The fuel is then injected 
65 through the fuel nozzle under pressiire 



(say about 100 atlSospheres ). The time 
of injection and of the subsequent explo- 
sion are automatically electrically re- 
corded on the travelling tape by the 
trains of sparks. The time lag between 70 
injection and ignition is then rend from 
the record. The products of combustion 
are evacuated by passing fresh air 
througli the vessel, and a further test is 
carried our at a lower temperature by 75 
repeating the operations. 

As the cold air entering the vessel 
passes across the thermo-couple, the tem- 
perature in the thermo-couple indicator 
falls during the scavengijig piooess. 80 
thereby ensuring tliat in each reading no 
specially localised heat is absorbed in the 
thermo-couple. 

In rhis way a series of readin.cs are 
taken (say about eveiy 10 or 20 degrees) 85 
over a gradually falling temperature 
from the highest required down to the 
temperature at which igniiiou • fails to 
occur. 

A complete curve showing temperature qq 
and ignition delay for a given fuel can 
be made, and a further series of readings 
can then be taken with a diSerent fuel. 

The explosion vessel may (!onveniently 
be say 6 inches internal diameter and 95 
say 18 inches internal depth, and have 
its body part formed of a wrought iron 
cylinder with screw-on fianges " at the • 
ends. The body may be covered with an 
inner mica insulated^ layer, over which is iOQ 
wound a heating coil with the convolu- 
tions spaced apart by an insulating string 
and an asbestos insulating layer, the 
whole being lag.cred or cTjvered with 
asbestos and finally with an aluminium 105 
casing secured to the end fianges by 
screws or otherwise. The b(»ttom end of 
the cxdinder is of inverted conical shape 
and unlagged and the top end of the 
cylinder is formed with layers of mild 110^ 
steel and asbestos. Tlie bottom end is 
separated by a joint rin^" of asbestos 
from the body part, and is coupled to a 
drain-pipe for connection to the vacuum 
pump The explosion vessel is supported 115 
on feet or in any other suitable manner. 

The injection valve may be of rhe type 
in which the fuel pump pressure lifts a 
spring loaded valve from its seatina* in 
the explosion vessel, any leakage of fuel 120 
in the body of the valve being led awnv. 
In axial alignment " with the valve stem 
is a central tappet pin, which is iruided 
by the valve casiug and projects" above 
the latter into contact with a rocker 105 
blork, which is pivotallv mounted on a 
fitting secured to the valve casincr. The 
rocker block carries a contact "^sprinir, 
which normally presses against a fixed 
earthed contact in the injection timinir 130. 
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low tensiou circuit. When the injection 
^alve is lifted at the moment of injection, 
the rocker block moves the contact spring 
and suddenly breaks the circuit. The 
5 rocker block also carries a laminated 
arm, which as the low tension circuit is 
closed is brought against a permanent 
mag-net, whirii prevents the circuit being 
accidentally closed again when the injec- 

10 tion valve closes. 

The ignition timing low tension circuit 
may be^ broken hj a circuit breaker, 
which screws into the top end of the 
explosion vessel, and comprises a disc 

15 valve connected to a tappet pin, which 
is guided in a central insulated sleeve and 
projects above the latter against a pivoted 
contact lever on the fitting. The contact 
lever is controlled by a hair spring. The 

20 contact lever carries a contact, which 
normally rests on an earthed contact. 
The disc valve sits on an annular seating 
and works in a chamber of larger dia- 
^ meter, which is open to the atmosphere 

2o through a hole for releasing pressure. 
When the disc valve is lifted at the 
moment of explosion of the fuel the con- 
tact lever suddenly breaks the circuit. 
The fuel injection pump may be of the 

30 type in which a plunger traps a small 
quantity of fuel in a cylinder and forces 
it past a spring loaded non-return valve 
in the fuel pipe leading to the injection 
nozzle, and may be arranged for the 

35 pUinger to be operated by a weighted 



lever, which is fulcrumirod on the pump 
casing. In the upright position the 
weighted lever is clear of the pump 
plunger, but when the lever is released 
from^this position it falls with a. given 
force into contact with the pump plunger 
and injects a charge of fuel into cue 
vessel. 

The recording mechanism may com- 
prise an electric motor-driven driving 4^ 
wheel or take-up wheel for a paper strip, 
which pas:?es from a paper feed reel, 
along a trough of insulating jnaterial and 
under two .spring loaded guide rollers one 
on each side of the driving wheel. The -q 
fixed sparking points of the injection 
timing* circuit are arranged at one side 
of the trough, and the vibrating sparking 
point of the ignition timing circuit is 
arranged at the other side of the trough 
on the vibrating reed which is maintained 
in oscillation by an electro-magnetic cir- 
cuit controlled by the reed. The low ten- 
siou and high tension coils and tremblers 
for the spark circuits are arranged on the g^. 
base of the recording mechani.sm. and a 
single switch for the electro magnet and 
a double switch for the low tension tim- 
ing circuits of and tape motor are also 
arranged on the base of the recording 65- 
mechaaism. 

Dated this 11th day of Tanuarv, 19:32. 
A. 0. DAY, 
Captain, 
Agent for the Applicant. 



COMPLETE SPECIFICATION. 
Improvements in or relating to Testing Combustible Fluids. 



I, William Heliioue, of . Royal Air- 
craft Establishment, South Farnborough, 
Hampshire, British Subject, do hereby 

'70 declare the nature of this iuTention 
and in what manner the same is to be 
performed, to be particularly described 
and ascertained in and by the following 
statement : — 

75 This invention relates to testing com- 
bustible fluids and more particularly to 
a method of and means for ascertaining 
the spontaneous or self-ignition tempera- 
ture of cambustible liquids in heated air, 

80 and the delay time existing at various 
temperatures between the first contact of 
the liquid with the heated air and its 
subsequent ignition or explosion. 

The invention has for its chief object 

85 to determine the characteristic ignition 
delay period of fuel oils injected into air 
at various temperatures, from the tem- 
perature at which almost instantaneous 
ignition occurs, down to the lowest tern- 

90 perature at which the fuel will ignite 



after long delay, for the piirpose of 
grading fuels or estimating their relative 
suitability for compression ignition 
engine use The method or apparatus 
may, however, be applied for testing 9S 
other combustible liquids. 

The invention provides a direct basis of 
comparison. iindt^T similar conditions, 
between various fuels, and shows the 
order of merit having regard to ea-e of iOO 
startmg and ignition delay on injection. 

The invention has for a further object 
to avoid bringing the liquid to be tested 
into contact with heated surfaces, as has 
hitherto been proposed for determining 105 
the lowest spontaneous ignition tempera- 
ture of fuels as in making the desired 
determinations according to the present 
invention, such surfaces may so effect the 
process of combustion as to render the liO 
observations valueless. 

According to the present invention the 
fuel or other combustible liquid (herein- 
after generally referred to as fuel) is 
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injected in a finef|BRvided state into air 
at a predetermined lemperature and pres- 
sure t oulained in an explosion vessel, the 
iiijeciiou being efiected in sitch a manner 
r\ ihat ilxtt liquid can ignite in the air with- 
uur making contact before ignition with 
anr solid surfaces at a temperature higher 
Tliiiu or equal to that of the air. The 
moment of injection of the fuel is recorded 
iO and the time of the subsequent ignition 
ur explosion is also recorded. The lag 
existing bet^veen the injection and the 
<\ib.seqiient ignition or explosion is thus 
indicated. 

15 The vessel may be heated electrically 
bv mea!is of a resistance wire applied to 
iiie sides of the vessel, which are lagged 
or covered, while the bottom end is not . 
lagged. 

OQ The fuel is injected tinder the standard 
or predetermined pressure through a 
valve or nozzle into the air at atmo- 
spheric pressure in the vessel in such a 
manner that, should it not immediately 
or iiTuite before passing tlirougk the air, its 

""^ direction of motion ensures that the first 
surface with which it contacts is one 
which is at a lower temperature than the 
air in the vessel. The fuel may be 
injected into an upright cylindrical vessel 
at the top end and directed towards the 
bottom end, which is at a lower tempera- 
ture than the sides which are at approxi- 
mately the same temperature as the air. 
To prevent the fuel from coming into 

o5 contact with the sides of the vessel, the 
injection valve or nosjzle is so designed as 
to give a spray having a cmie angle less 
than the cone" angle subtended by the 
perimeter of the bottom end of the vessel 

40 with the point of entry of the fuel into- 
the vessel. The means for injecting the 
fuel into the vessel under pressure may 
consist of an injection pump, which is 
operated suddenly by a falling weight or 

45 other constant force. 

The means for indicating the tempera- 
ture of the air may consist of a thermo- 
couple or the like, which is located in a 
thermometer tube in the top end of the 

50 vessel. 

The means for indicating the moment • 
of injection of the fuel may consist of a 
low tension electric circuit, which is 
automaticallv broken or rendered mopera- 
55 tive bv the opening of the fuel injection 
' valve.' which' is located in a jet socket 
in the centre of the top end of the vessel. 

The means for indicating the time lag 
existinii- between the moment of injection 
eO <'^^<^^ The subsequent ignition or explosion 
of the fuel mav consist of a low tension 
circuit, which is automaticallv broken or 
rendered inoperative by the rise of pres- 
sure in the vessel due to explosion of the 

65 



fuel. 

A separate record of the braking oi ^ax:a 
low tension electric circuit ma3- be 
obtained by sparks from a sparking point 
ill a high tension circuit. The "sparks 70 
pass to earth, normally through a metal 
plate set in a trough of insulating 
material which supports a motor driven 
paper tape or strip, and thus perforate 
the latter, 75 

The low tension circuits are inter- 
rupted at high frequency by tremblers or 
other suitable means. One train of 
sparks representiffg the time or injection 
makes a straight line record along the 80 
tape owing to the respective sparking 
point being fixed or stationary* . The 
other train of sparks representing the 
ignition delay makes a wavy line record 
along the tape, owing to the respective 85 
sparking point being maintained in 
vibration at a predetermined frequency, 
by maans of a reed and an* electro mag- 
net in a low tension circuit. By noting 
the ntimber of oscillations in the ignition gQ 
timing wavj- record which occur beyond 
the injection timing straight record, after 
the circuits have been broken as above- 
mentioned, an accurate meastirement of 
the ignition delay is obtained. 95 

The vessel is open to the atmosphere 
thi'ough an air inlet port at the 1x)p end, 
and a vacuum pump or the like is pro- 
vided connected io an outlet port at the 
lower end for drawing in a charge of air 100 
before each test, and for withdrawing the 
products of combustion after each test, 
and draining off any unoxidised fuel. 
The air inlet may be arranged tangen- 
tially or so as to obtain a scavenging or 105 
circulating action and contact with the 
thermometric device. 

In carrying out a test, the temperature 
of the vessel having been raised by the 
electric heating means to the highest point HQ 
which it is desired to investigate (say 
about GOOo C.) the heat is cut off and 
sufficient time is allowed for temperature 
conditions to become stable. A charge of 
cold air is drawn into the vessel and the ±±^ 
vessel is left open to tJie atmosphere 
through the air inlet. Sufficient time is 
allowed to elapse for the temperature of 
the air charge as read on tiie thermometric 
device to learli a inaximum and then 120 
commence to fall. The tape motor and 
sparking circuits are then switched on 
and the air temperature in the vessel 
noted. The fuel is then injected throurrh 
the fuel nozzle under pressure (say about 103 
100 atmospheres). The time of injection 
and of the subsequent explosion are auto- 
maticalh' electrically recorded on the 
travelling tape b\* the trains of sparks. 
The time lag between injection and iirni- 130 
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tioa is then read from the record. The 
products of combustion are evacuated by 
passing- fresh air throug-h the vessel, and 
a further test is carried out at a lower 
5 temperature by repeating the operations. 

As tlie cold air entering the vessel 
passes across the thermo-couple, the tem- 
perature iu the thermo-couple indicator 
talis during" the scavenging process, 
10 thereby ensuring that in each reading no 
specially localised heat is absorbed in the 
thermo-couple, \ 

In this wav a series of readings are 
taken (say about every 10 or 20 degrees) 
13 over a gradually falling temperature from 
the hig-hest required down to the tempera- 
ture at which ignition fails to occur. 

A complete curve showing temperature 
and ignition delay for a given fuel can 
20 be made, and a further series ojE readings 
can then be taken with a different fuel. 

One form of construction of testing 
apparatus according to the present inven- 
tion is illustrated more or less dia- 
25 gramatically and by way of example in 
the accompan^-ing drawings in which : — 

Pig. 1 is a part sectional elevation of 
the explosion vessel showing the injection 
timing circuit breaker and the ignition 
3Q timing circuit breaker in position ; 

Fig. 2 is a part sectional elevation at 
right'' angles to Fig. 1, and Fig. 3 is a 
plan; . 

Fig 4 is an elevation at ri^nt angles 
35 to Fig. 1 of the injection timing circuit 
breaker, and Fig 5 is a plan; 

Fig, 6 is a sectional elevation at rig^ht 
angles to Fig. 1 of the ignition timing 
circuit breaker ; 
4Q Fig. 7 is a wiring diagram; 

Figs. S and 9 are an elevation aod a 
plan of the recording tape machine : 

Figs. 10 and 11 are elevations at right 
angles to one another of the fuel pump 
45 and Fig. 12 is an enlarged sectional ele- 
vation of thft piiinp body. 

Like reference numerals indiuivhc 
similar parts wherever repeated in the 
drawings. v i 

In the arrangement shown the explo- 
sion vessel (Figs. 1 to 3) has its body 
part formed of" a wrought iron cylinder 
I with screw-on flanges 2, 3 at the ends. 
The body IS cQverj^d" with an inner mica 
55 insulated layer 4, over which is wound 
a heating coil 5 with the convolutions 
spaced apart by an insulating string 6 
aiid an asbestos" insulating layer 7. The 
v/hole is lasrg'ed or covered with asbestos 
QQ 8 and finally with an aluminium casing 

9 secured to the end flanges by screws 

10 or otherwise. The bottom end 11 of 
the cylinder is of inverted conical shape 
and unlagged, and the top end 12 of the 

65 cylinder is formed with layers of mild 



steel and asbestos. The bottom end is 
separated by a joint ring of asbestos 10 
from the body part, and is coupled to a 
drain-pipe 14 for connection to a vacuum 
pump (not shown). The explosion vessel 70 
is supported on feet or in other suitable 
manner. 

At the top end the cylinder is pro- 
vided with a jet socket 15, an igaiuon 
timing breaker socket 16, a vent IT and 75 
a thermometer socket 18. The vent 17 is 
arranged tangentially and inclined to the 
thermometric device. 

The injection valve, which is secured 
in the jet socket 15 by means of a set go 
screw 19 or in other convenient manner, 
is of the type in which the fuel pump 
pressure applied to the inlet 20 lifts a 
valve 21 from its seating in the explosion 
vessel, against the action of a spring 22, 85 
any lealcage of fuel in the body of the 
vaive being led away at the outlet 23. 
In axial alignment with the valve stem 
is a central tappet pin 24, which is 
guided by the valve casing and projects 90 
above the latter into contact with a rocker 
block 25, which is pivo tally mounted at 
26 on a fitting 27 secured" to the valve 
casing. The rocker block carries a con- 
tact spring 28 having a contact 29, which 95 
normally presses against a fixed earthed 
contact "30 in the injection timing low 
tension circuit. "When the injection 
valve 21 is lifted at the moment of injec- 
tion, the rocker block moves the contact 100 
spring and suddenly breaks the circuit. 
The rocker block also carries a laminated 
arm 31, which as the low tension circuit 
is broken, is brought against a permanent 
magnet 32 which prevents the circuit ^05 
from being accidentally closed again 
when the injection valve closes. 

The ignition timing low tension circuit 
is broken by a circuit breaker, which 
screws in the socket 16 at the top end of no 
the explosion vessel, and comprises a disc 
-^cvl^M 33 connected to a tappet pin 34, 
which is guided in a central insulated 
sleeve 35 and projects ctbove the latter 
against u contact lever 36 pivoted at 37 
on the fitting. The contact lever is con- 
trolled by a hair-spring (not shown"^. 
The contact lever carries a contact 3S, 
which normally rests on an earthed con- 
tact 39. The"^ disc valve sits on an j^Q 
annular seating 40 and works in a cham- 
ber of larger diameter. When the disc 
valve is lifted at the moment of explo- 
sion of the fuel the contact lever -111 
suddenly breaks the circuit, 

As shown in Fig. 7. the injection tim- 
ing low tension circuit containing the 
contact breaker 2? and comprising a 
sparking coil with trembler 41 and low 
tension winding 42 is arranged in parallel i30 
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with rlie ignitiou timing low tension cir- 
cuit coataining the contact breaker 36 
and comprising a sparking coil with 
trembler 420 and low tension winding 43. 
j5 One terminal of the circuits is connected 
to earth at 44, and the other terminal 
of the circuits is connected through a 
switch 45 and a battery 46 to earth. The 
iow tension circuits are associated with 
10 hisxh. tension circuits 47 and 48, which 
are connected at one terminal to earth 
at 44. and at the other terminal through 
sparking points or gaps 49, and 50 to 
earth at 51 and 52 respectively. The 
15 sparking point 49 is fixed and the spark- 
ing point 50 is vibratory. 

The recording rnecbanism (Figs. 8 and 
9) ma3- comprise an electric motor 53 in 
circuit with the battery- 46 and controlled 
20 l^y a switch 54 coupled to the switch 45. 
The motor drives a take-up reel 55, on 
which is wound a p^per strip ^, which 
I)a.sses from the paper feed reel 56, along 
a trough 57 of insulating material and 
25 under two spring-loaded guide rollers 58, 
one on each side of the take-up reel. 
The fixed sparking point 49 of the injec- 
tion timing circuit is arranged at one 
:side of the trough, and the vibrating 
'30 sparking point 50 of the ignition timing 
circuit is arranged at the other side of 
the trough on a vibrating reed 59 which 
is maintained in oscillation by an elec- 
tro-magnetic circuit controlled by the 
.35 reed. The circuit comprises the reed 59, 
an adjustable contact 60, electro-magnetic 
coils 61, a switch 62 and a battery 63. 
The low tension and high tension coils 
and tremblers 42, 43, 47, 48, 41 and 420 
j^O for the sparking circuits are arranged on 
the base of the recording mechanism. 
The switch 62 for the electro-magnet and 
the double switch 45^, 54 ^or the low ten- 
sion timin^^ circuits and the tape motor 
53 are also arranged on the base of the 
recording mechanism. ; - 

T.l to T.5 are the iei*miuals of the. 

coils; _ ' . . , - ^1 

T 6 and T.7 Figs. 4 and o are the 
terminals of the injection timing contact 

^^T\8^and T.9 are the terminals of the 
io-nition timinti' contact breaker. 
""The fuel injection pump (Figs. 10 to 
12) is of the tvpe in which a plunger 04 
trans a small quantity of fuel m a cyhn- 
de/65 and forces it past a spring-loaded 
non-return valve 66 in the fuel pipe 6i 
lendincr to the infection nozzle, and is 
_ arran-ed for the plunger to be operated 
®^ bv a weighted lever 68, which is ful- 
crummed at 69 on the pump casing and 
falls on to a stop 70. In the ^P^fJ^ 
portion the weighted lever is clear of the 
65 pump plunger, but when the lever is 



released from this position it falls with 
a given force and its lower end 71 comes ' 
into contact with a cap 72 on the pump 
plunger and injects a charge of fuel into 
the vessel. The fuel may be supplied to 70 
the pump inlet 7-j from a reservoir 74 
through a filter 75 ; and the stroke of the 
plunger 64 may be adjusted in known 
manner. 

Having now parlicularly described and 75 
ascertained the nature oi niy said inven- 
tion and in what manner tlie .-^ame is to 
be performed, I declare that wliat I 
claim is : — 

1. A method of or means for ascertain- 80 
ing the spontaneous or self-ignition tem- 
perature of fuels or other combustible 
liquids in heated air. and the delay time 
existing at various temperatures between 
the first contact of the liquid with the 35 
heated air and its subsequent ignition or 
explosion, wherein the liquid is injected 
in a finally divided state into air at a pre- 
determined temperature and pressure 
contained in a ves.sel, the injection being gg 
effected in such a manner that the liquid 
can ignite in the air without making con- 
tact before ignition with any solid sur- 
face at a temperatuie higher than or equal 
to that of the air, the moment of injec- 95 
tion of the liquid being recorded, and the 
time of the subsequent ignition or explo- 
sion being also recorded. 

2 ileans for testing combustible fluids 
as claimed in claim 1, wherein the vessel 100 
is electrically heated hy means of a 
resistance wire applied to the sides of the 
vessel, which are lagged or covered, 
while the bottom end is not lagged. 

3, Means for testing combustible fluids i05 
as claimed in claim 1, wherein the fuel 

is injected under a standard or predeter- 
mined pressure through a valve or nozzle 
into the air at atmospheric pressure in the 
vessel in such a Tuanner that, should it HO 
not- immediately ignite before passing 
through the air, its direction of motion 
ensures that the first surface with which 
it contacts is one which, is at a lower tem- 
perature than the air in the vessel. j^j[5 

4. Means for testing combustible fluids 
as claimed in claim 1, wherein the fuel 
is injected into an upright cylindrical 
vessel at the top end and directed towards 
the bottom end. which is at a lower tem- ^20 
perature than the sides, which are at 
approximately the same temperature- as 
the. air, the injection valve being so 
designed as to give a spray baring a cone 
angle less than the cone angle subtended 

bv the perimeter of the bottom end of the 
vessel with the point of entry of the fuel 
int o the vessel - 

o. Means for testing combustible fluids 
as claimed in claim 4, wherein the fuel 130 
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is injected into the vessel under pressure 
bv means of an injection pump, which. 
IS openited suddenly by a falling weight 
or. other constant force. 
5 6. }^fean.*- for testing combustible fluids 
as claimed in any of the preceding claims, 
iu which the temperature of the air is 
indicated by a thermo-couple or the like, 
v/hich is loirated iu a thermometer tube in 

10 the top end of the vessel. 

7. ileanb for terrting combustible flui<ls 
as claimed in claim 1, wherein the 
moment of injection of the fuel is indi- 
cated by an electric circuit, which is 

15 automatically controlled by the opening 
of the fuel injection valve. 

S. Cleans for testing combustible fluids 
as claimed in claim 1, wherein the time 
lag existing between the injection and 

20 the subsequent itrnition or explosion of 
the fuel is indicated by an electric cir- 
cviit, which is automatically controlled by 
the rise of pressure in the vessel due to 
explosion of the fuel. 

25 9. !Means for testing combustible fluids 
as claimed in claims 7 and 8, wherein a 
separate record of the operation of each 
electric circuit is obtained by sparks in a 
high tension circuit which mark a 

30 movable tape or the like. 

10. Means for testing combustible 
fluids as claimed in claim 9, wherein the 
sparks pass to earth through a metal plate 
set in a trough of insulating material, 
which supports a motor driven paper tape 
or strip which is perforated by the 
sparks. 



11. ileans for testing combustible 
fluids as claimed in claim 10 wherein the 
circuits are controlled by tremblers or the ^0 
like, one train of sparks representing the 
time of injection making a straight line 
record; and the other train of sparks 
representing the ignition delay making a . 
wavy line record. ^ 

12. Means for testing combustible 
fluids as claimed in claim 11 wherein the 
wavy line record is produced by a spark- 
ing point being maintained in vibration 

at a^predetermined frequency, by means 50 
of a reed and electro-magnetic means in 
a low tension circuit. 

13. 3kleaus . for testing combustible 
fluids constructed substantially as de- 
scribed with reference to and as illus- 
trated in Figs. 1 to 6 of the accompany- 
ing drawings. 

14. Means for testing combustible 
fluids as claimed in claim 13 combined 
with electric recording nieans constructed 60 
substantially as described with reference 

to and as illustrated in Figs. 7 to 9 of 
the accompanying drawings. 

15. Means for testing combustible gg 
fluids as claimed in any of the preceding 
claims comprising a fuel pump provided 
with a weighted operating lever substan- 
tially as described with reference to and 

as illustrated in Figs. 10 to 12 of the 
accompanying drawings. ' 
Dated this Tth dav of December, 1932, 
A. C.^DAT, 
Captain, 
Agent for the Applicant. 
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